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(54) APPARATUS AND METHOD FOR POUSHING 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a polishing apparatus and a polishing 
method for mirror surface polishing a work (wafer) with high efficiency and 
accuracy, a novel board for holding a work efficiently, and a method for bonding 
a work to the work holding board with high accuracy. 

SOLUTION: The polishing apparatus 28 comprises a turntable 29, and a work 
holding board 38 and polishes a work W held by the work holding board 38. while 
supplying polishing agent solution, where the variations in the turntable 29 in the 
direction normal to the surface thereof and/or variations in the work holding 
board 38 in the direction normal to the work holding surface thereof is limited to 
100 \im or smaller at polishing operation. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Polish equipment which is polish equipment which grinds the work piece which has a tum table 
and the work-piece maintenance board, and was held at the work-piece maintenance board, pouring an 
abrasive material solution, and is characterized by controlling the deformation in the direction of a normal 
on the front face of a surface plate of the tum table at the time of polish actuation, and/or the deformation in 
the direction of a normal of the work-piece maintenance side of the work-piece maintenance board to 100 
micrometers or less. 

[Claim 2] It is polish equipment which grinds the work piece which has a tum table and the work-piece 
maintenance board, and was held at the work-piece maintenance board, pouring an abrasive material 
solution. The part which does not form this passage while this tum table is formed as one of casting, and the 
structure of this tum table has two or more crevices and/or ribs at a tooth back and forming the passage of 
the fluid for temperature controls in the interior of a surface plate is polish equipment characterized by 
making it act as internal rib structure. 

[Claim 3] Polish equipment according to claim 1 or 2 which the value of the coefficient of thermal 

expansion of the ingredient which constitutes said tum table is less than [ 5xl0-6/degree C ], and is 

characterized by the corrosion resistance being almost equivalent to stainless steel. 

[Claim 4] Polish equipment according to claim 3 characterized by the ingredient of said tum table being 

Invar. 

[Claim 5] Polish equipment which is polish equipment which grinds the work piece which has a tum table 
and the work-piece maintenance board, and was held at the work-piece maintenance board, pouring an 
abrasive material solution, and is characterized by controlling the temperature change of the tum table at the 
time of polish actuation, and/or the temperature change of the work-piece maintenance board to 
predetermined within the limits by controlling the fluid flow for temperature controls, and/or temperature. 
[Claim 6] Polish equipment according to claim 5 characterized by fluctuation of the temperature in the 
location of the arbitration of said tum table at the time of said polish actuation and/or said work-piece 
maintenance board being less than 3 degrees C. 

[Claim 7] Polish equipment of claim 1-6 characterized by controlling the temperature and/or the flow rate of 
said abrasive material solution, and controlling fluctuation of the temperature in the location of the 
arbitration of the polished surface of the abrasive cloth at the time of polish actuation at 10 degrees C or less 
given in any 1 term. 

[Claim 8] Polish equipment of claim 1-7 characterized by controlling the revolution nonxmiformity of said 
tum table to 1% or less given in any 1 term. 

[Claim 9] Polish equipment of claim 1-8 characterized by controlling field Bure at the time of a revolution 
of the polished surface of said tum table to 15 micrometers or less given in any 1 term. 
[Claim 10] Polish equipment of claim 1-9 characterized by controlling revolution Bure of the revolving 
shaft of said tum table to 30 micrometers or less given in any 1 term. 

[Claim 11] Polish equipment of claim 1-10 characterized by for said work-piece maintenance board forming 
a crevice in a tooth back, or having rib stmcture given in any 1 term. 

[Claim 12] Polish equipment according to claim 1 1 characterized by the ingredient of said work-piece 
maintenance board being alumina ceramics or SiC. 

[Claim 13] Polish equipment according to claim 12 characterized by two or more pores for carrying out 
attraction maintenance of this work piece puncturing in an adhesion field with said work piece of said work- 
piece maintenance board. 



[Claim 14] The polish approach characterized by using the polish equipment which grinds the work piece 
which has a tum table and the work-piece maintenance board, and was held at the work-piece maintenance 
board, pouring an abrasive material solution, and controlling the deformation in the direction of a normal on 
the front face of a surface plate of the tum table at the time of polish actuation, and/or the deformation in the 
direction of a normal of the work-piece maintenance side of the work-piece maintenance board to 100 
micrometers or less. 

[Claim 15] The polish approach characterized by to make fluctuation of the temperature in the location of 
the arbitration of the polished surface of this abrasive cloth at the time of polish actuation into 10 degrees C 
or less in case the polished surface-ed of said work piece is ground with the abrasive cloth stuck on said tum 
table in the polish approach which grinds the work piece which has a tum table and the work-piece 
maintenance board, and was held at the work-piece maintenance board, pouring an abrasive material 
solution. 

[Claim 16] The polish approach characterized by setting the work piece which has a tum table and the work- 
piece maintenance board, and was held at the work-piece maintenance board to the polish approach ground 
pouring an abrasive material solution, and controlling fluctuation of the temperature of said work piece 
under polish at 10 degrees C or less. 

[Claim 17] The polish approach according to claim 15 or 16 characterized by controlling the temperature 
and/or the flow rate of said abrasive material solution, and controlling fluctuation of the temperature in the 
location of the arbitration of the polished surface of the abrasive cloth at the time of polish actuation, and/or 
the temperature of a wafer at 10 degrees C or less. 

[Claim 18] The polish approach which is the polish approach using the polish equipment which grinds the 
work piece which has a tum table and the work-piece maintenance board, and was held at the work-piece 
maintenance board, and is characterized by arranging and holding two or more wafers to the work-piece 
maintenance board so that it may be satisfied with a less than 2mm error of the relation of a degree type (1). 
[Equation 1] 

R= {(r+x) + sin (tt/N) (r + 2y)}/sin (tt/N) - • ( 1 ) 

(the inside of a top type (1), and R:work piece — between a diameter (mm) of maintenance **** (mm) 
r:waferx:wafer — a distance (mm) yrwafer and the work-piece maintenance board — periphery edge distance 
(mm) N: wafer number of sheets / work-piece maintenance board, and pi: circular constant) 
[Claim 19] The polish approach according to claim 18 that r is characterized by being 5<=N<=7, 5<=x<=20, 
and 7<==y<=22 by 200nmi or more. 

[Claim 20] The polish approach according to claim 19 characterized by thickness d of the work-piece 
maintenance board being aR<d<bR (a= 0.04 to 0.08, b=0.10-0.12). 

[Claim 21] The poUsh approach of claim 14-19 characterized by grinding a silicon wafer using the polish 
equipment of claim 1-13 given in any 1 term given in any 1 term. 

[Claim 22] The polish approach according to claim 21 characterized by a temperature change carrying out in 
a less than **2-degree C enviroimient. 

[Claim 23] The adhesion approach of the work piece characterized by pasting up a wafer on the work-piece 
maintenance board with adhesives, exhausting Ayr through pore using the work-piece maintenance board 
which two or more pores for carrying out attraction maintenance of the work piece are puncturing from a 
work-piece maintenance board tooth-back side in a surface of action. 

[Claim 24] The approach according to claim 23 characterized by performing said adhesion among 20 
degrees C - 30 degrees C. 

[Claim 25] The approach according to claim 24 characterized by using the adhesives whose viscosity of the 
adhesives in the temperature at the time of said adhesion is 1 mPa-s - 10 mPa-s. 

[Claim 26] The approach of claim 23-25 characterized by for the average of the thickness of the adhesives 
for work-piece jointing being the range which is 0.1 micrometers - 0.5 micrometers, and the deflection of 
the thickness being less than 0.015 micrometers given in any 1 term. 

[Claim 27] The work-piece maintenance board characterized by penetrating and preparing two or more 
adsorption holes for carrying out vacuum adsorption of the work piece from a work-piece adhesion side to a 
work-piece maintenance board tooth back in the adhesion field of the work-piece adhesion side of the work- 
piece maintenance board. 

[Claim 28] The work-piece maintenance board according to claim 27 characterized by preparing a crevice or 
rib stmcture in the tooth back of the work-piece maintenance board. 



[Claim 29] The approach of claim 23-26 characterized by using the work-piece maintenance board 
according to claim 27 or 28 given in any 1 term. 

[Claim 30] The polish approach characterized by carrying out adhesion maintenance and grinding a silicon 
wafer to the work-piece maintenance board by the approach of 29 claims 23-26 and given in any 1 term. 
[Claim 31] The polish approach according to claim 30 characterized by using the polish equipment of claim 
1-13 given in any 1 term. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] This invention relates to the adhesion approach to the new work-piece mamtenance 
board which holds efficiently the well head of a work piece (it may only be called a wafer), for example, a 
silicon wafer etc., the poHsh equipment which enabled high-degree-of-accuracy mirror plane processing, the 
poUsh approach, and work pieces (for example, wafer etc.), and the work-piece maintenance board 
concemed of a work piece. 
[0002] 

[Related Art] The demand to the fmishing precision (thickness homogeneity, display flatness, smooth 
nature) of the sihcon wafer (polish wafer) by which polish finishing is carried out is increasingly developed 
reflecting the formation of a large diameter of a silicon wafer, and high-degree-of-accuracy-izing of the 
device manufactured using it. 

[0003] In order to fill such a demand, while improvement in the polish processing technique of a wafer is 
measured, development of polish processing equipment and an improvement have been made. 
[0004] As one of them, especially, for the purpose of polish of the diameter of 300mm thru/or the large 
diameter wafer beyond it, the so-called single-wafer-processing pohsh equipment is newly developed, and 
practical use is presented with the part. 

[0005] However, a response is difficult for the demand to price reduction of a wafer to the single-wafer- 
processing polish approach in respect of ** productivity, and the problem of ** that it cannot respond to the 
demand of the display flatness of a up to near [ ** latest ] the wafer periphery (less than 2mm) enough has 

arisen. 

[0006] With the batch type polish equipment ground simultaneously, two or more wafers widely used firom 
the former on the other hand As the outline of the configuration of a part of participating in drawing 19 
directly at scouring was shown On the fi"ont face of the abrasive cloth 1 6 stuck on the top face of a tum table 
10 rotated with a predetermined rotational speed with a revolving shaft 17 It holds on the underside of the 
work-piece maintenance board 13 made to rotate one sheet or two or more wafers W with means, such as 
adhesion, by the revolution shaft 18. For example, the polished surface-ed of a wafer is forced by the 
predetermined load by using the up load 15. The abrasive material solution (it may be called a slurry below) 
19 is simultaneously supphed on abrasive cloth 16 by the predetermined flow rate through the piping 14 for 
abrasive material supply from an abrasive material feeder (not shown). Rubbmg of the polished surface-ed 
of Wafer W is carried out to abrasive cloth 16 front face through this abrasive material solution 19, and 
polish of Wafer W is performed. 

[0007] Equipment enlarges this batch type pohsh equipment with large diameter-ization of a wafer. Besides 
the heat defomiation resulting from generation of heat by a self- weight and polishing pressure of a tum table 
or the work-piece maintenance board bend and according to polish Since the finishing precision of a wafer 
is influenced by deformation of the tum table according [ various mechanical Bure in case these fiirthermore 
rotate ] to a cause, and the work-piece maintenance board, and fluctuation, it is becoming difficult to satisfy 
the demand to the precision of the machined surface of a wafer. 

[0008] In order to cope with such a technical problem, various originaUty and creativity have been made 
about the structure and constmction material of polish equipment, and the service condition and pohsh 
conditions of polish equipment. For example, the structure of equipment, in order to prevent the heat 
deformation about the (a) tum table especially, and in order As shown in drawing 20 , while forming the 
lower lapping plate 23 which established many crevices 21 for circulating cooling water H in the rear face of 



the top board 12 which stuck abrasive cloth 16 on the top face as another object The device has been made 
by arrangement of turn table structure and cooUng water passage, preparing a rib in a surface plate tooth 
back for the deformation prevention by the polishing pressure force, in order to control heat deformation 
effectively further, for example, as shown in JP,7-52034,A or JP, 10-2966 19, A, 

[0009] However, it sets to the conventional turn table 10 shown in drawing 20 . For example, make SUS410 
into a top board 12, and the structure of binding tight and combining the lower lapping plate 23 made from 
steel casting like FC-30 which established cooling water passage in it in conclusion implement 1 1 grade up 
and down is used. Since the temperature gradient produced among vertical both sides of a top board at the 
time of polish actuation becomes 5 degrees C or more by the conventional polish approach when many, 3 
degrees C or more and The top face of a top board had the inconvenience which the difference of elevation 
(deformation) of the vertical direction 100 micrometers or more produces depending on a location by 
making a top face in case there is no temperature gradient between vertical sides into datimi level. 
[0010] moreover using an ingredient with a small (8xlO-6/degree C) coefficient of thermal expansion for (b) 
turn table ingredient (WO 94/No. 13847 official report) — the ceramics — using ~ the circulating flow way 
of cooling water — the turn table (JP,59-1 5 1655,11) of the internal integral constmction mostly established 
over the whole region etc. ~ others — also about (c) work-piece maintenance board fiirther Circulating the 
fluid for temperature control inside the maintenance board in order to raise the temperature homogeneity of 
a wafer maintenance side similarly (JP,9-29591,A) has been proposed. 

[001 1] Moreover, in order to control the temperature rise of the wafer by generation of heat accompanying 
scouring, or abrasive cloth A cooling fiinction is also given to the abrasive material solution (the weak 
alkaline water solution of a colloid silica is usually used) directly supplied to the polish operating surface 
other than cooling of the work-piece maintenance board of point **, or a tum table. The amount more than 
the amount of supply required for scouring was purely supplied on abrasive cloth, and carrying out the 
cyclic use of waste water of the abrasive material solution discharged from the polish part for cost reduction 
has been performed. 

[0012] However, in the part by which the temperature on the front face of abrasive cloth under pohsh rises 
gradually from polish initiation in the above cooling system in the configuration list of conventional polish 
equipment, and rubbing is carried out to especially the polished surface-ed of a wafer at it, the value usually 
amounts to 10 degrees C or more, and the temperature of the top-face part of the tum table [ directly under ] 
equivalent to the part also rises by 3 degrees C or more. 

[0013] On the other hand, the temperature of a surface plate underside part has the effectiveness of the 
temperature rise control by cooling water, and the temperature change is controlled within 1 degree C. 
Therefore, the part which carries out lOO-micrometer or more deformation displacement produces the shape 
of surface plate surface type in the surface direction of a normal to the case where a temperature gradient 
does not exist, according to the heat deformation which temperature gradient at least 3 degrees C or more 
produces also not only between between the top faces and undersides of a tum table but between the 
elevated-temperature part on the top face of a tum table, and a low-temperature part, for this reason is 
produced. 

[0014] Furthermore, the work-piece maintenance board was also enlarged corresponding to the formation of 
a large diameter of a silicon wafer, for example, the diameter was set to about 600mm in the work-piece 
maintenance board for polish of a diameter the wafer of 8 inches, and the weight of the work-piece 
maintenance board has also increased with it. 

[0015] Therefore, in order that not only heat deformation of the work-piece maintenance board by 
generation of heat in a polish processing side but the deformation at the time of polish by self- weight may 
pose a problem and may control this, thickness of the work-piece maintenance board is thickened, or to 
make deformation small using an ingredient with large modulus of direct elasticity, such as a ceramic 
(silicon carbide, alumina), has been tried. 

[0016] Moreover, in the conventional batch type polish, as shown, for example in drawing 2 1 , the method 
which pastes up the wafer W which should be ground through adhesives 22 on work-piece adhesion side 
20a of the work-piece maintenance board 20 has been used. 

[0017] It is important for the interface of the inside of 22 layers of adhesives, a wafer or the work-piece 
maintenance board 20, and adhesives 22 in that case to make it Ayr not remain. Therefore, by pressing the 
air bag 27 prepared so that it might curve to convex caudad on the underside of the application-of-pressiu-e 
head 25, as shown in drawing 21 against the top face (the field to paste up and field of an opposite hand) of 



Wafer W in the application-of-pressure cylinder 26, and pushing it against the work-piece maintenance 
board one by one towards a periphery from the core of a wafer adherend, Ayr like jointing is turned to the 
periphery edge of a wafer, and as it extrudes, it pastes up. However, although Ayr in the boundary layer of 
Wafer W and the work-piece maintenance board was extruded by the press approach by such member 24 for 
wafer application of pressure, there was inconvenience of pasting up after the thickness of the another side 
adhesives layer 22 tended to become thin in a wafer core, therefore Wafer W has bent. 
[0018] Although factors, such as property change by the adhesives temperature rise which minds [ which are 
used for adhesion of a wafer ] the wafer temperature rise by the resistance over the abrasive material 
solution at the time of pohsh, non-lubricity, and polish generation of heat, were considered and natural rosin, 
synthetic rosin ester, beeswax, phenol resin, etc. have been used conventionally, it mainly depends for the 
adhesion operation by this kind of adhesives on a physical adhesion device, and adhesion is performed as 
follows. That is, a wafer is pushed against the work-piece maintenance board by the predetermined pressure, 
heating maintaining adhesives at a plastic stage, after dissolving adhesives in a solvent and carrying out 
evaporation clearance of the solvent after applying to an adhesion side, by cooling in ordinary temperature 
after that, adhesives solidify and adhesion is performed. 

[0019] Thus, in an adhesion process, it is required to heat a wafer and the work-piece maintenance board at 
50-100 degrees C, and the improvement in process tolerance is checked by deformation of the wafer by the 
heat history in this case and the work-piece maintenance board. Moreover, it was a problem also from the 
field of cost to need an equipment facility and energy special to eye others etc. 

[0020] On the other hand, the so-called room-temperature-gluing agent of existing which can realize an 
adhesion operation in ordinary temperature was not able to be practically used because of the difficulty [ the 
adhesives from the exfoliation from the resistance and the work-piece maintenance board of a wafer to an 
abrasive material solution, a wafer, and the work-piece maintenance board ] of clearance. 
[0021] In order to prevent that air bubbles remain in the adhesives layer like jointing, in moreover, the 
condition of having made the adherend inclining to a work-piece maintenance side, a wafer The approach of 
pasting up, as pushes against the work-piece maintenance board through adhesives one by one from the end, 
turns to the other end Ayr which intervenes between a wafer adherend and a work-piece maintenance side 
from the end of the adherend of a wafer and eliminates. How to eliminate Ayr to the method of outside with 
the elastic body (air bag) 27 of a convex configuration, from the top face of the wafer W arranged to the 
work-piece maintenance board 20 as shown in drawing 21 mentioned above, as pushes against the work- 
piece maintenance board 20 one by one from a wafer core. Furthermore, as shown at drawing 22 in the 
work-piece maintenance board 20 whole or every wafer W, it **** so that an airtight may be maintained in 
respect of maintenance of the work-piece maintenance board 20, and a means by which Ayr is not made to 
remain etc. has been carried out by changing the interior into a reduced pressure condition. 
[0022] drawing 22 — setting — 1 — a vacuum housing and 2 - for piping for bellows intemal pressure 
adjustment, and 5, piping for vacuum housing intemal pressure adjustment and 6 are [ bellows and 3 / the 
cylinder for bellows rise and fall, and 4 / the work-piece maintenance board and W of piping for vacuum 
adsorption and 20 ] wafers. 

[0023] the fault from which the thickness of an adhesives layer serves as an ununiformity (0.5 micrometers 
or more) by the approach of forcing it on the work-piece maintenance board one by one from a part of 
adherend of the wafer shown in drawing 21 — moreover, by the approach of pasting up the wafer shown in 
drawing 22 , or the whole work-piece maintenance board as a reduced-pressure condition, special equipment 
and a fixture are needed and the raising dust from that a process makes it complicated and equipment, and a 
fixture poses a problem. 
[0024] 

[Problem(s) to be Solved by the Invention] It sets to polish processing finishing of a wafer as mentioned 
above. Polish equipment, the work-piece maintenance board which holds the wafer which is a direct 
workpiece especially. And it also sets to the adhesion approach of the wafer not only to the fluctuation at the 
time of deformation by the various causes of the turn table which sticks the abrasive cloth in contact with a 
wafer, or equipment operation but the work-piece maintenance board. The various factors acting as 
[ attaining finishing of the high degree of accuracy corresponding to the advancement of a device 
manufacturing technology over current and the fiiture ] a failure exist. 

[0025] As for this invention persons, the polish finishing wafer of high degree of accuracy, especially a 
diameter a high-degree-of-accuracy wafer with a large diameter of 300mm or more stability and in order to 



produce efficiently The factor acting as a failure is radically examined to high-degree-of-accuracy 
processing about all the processes concerning the structure of polish equipment, a configuration, and the 
wafer polish including adhesion equipment and the adhesion approach of not only construction matenal but 
a wafer And the result of having done examination research expenmentally about the prototype ot 
equipment, the structure of a system, a service condition, etc., The function of not only the wafer a(Miesion 
approach but polish equipment and the engine performance were raised synthetically, and it succeeded in it 
being stabilized and manufacturing the polish wafer of high degree of accuracy by improvmg the operatmg 

method fundamentally further. , „ s , • i *u • o+„/.ir 

[00261 Especially for wafer polish of high degree of accuracy (high display flatness), abrasive cloth is stuck. 
That it becomes the serious failure that the work-piece maintenance board holding the turn table or water 
which is a base for holding the configuration of abrasive cloth which is a base deforms at the time of polish 
actuation A header. It found out that it was effective that the deformation grinds so that the deformation in 
the direction of a normal of those fields may keep [ top face / of a turn table ] still more desirable preferably 
100 micrometers 30 micrometers or less at 10 micrometers or less about the work-piece mamtenance side ol 
the work-piece maintenance board, respectively. 

r00271 This invention aims at offering the adhesion approach of a work piece that the new work-piece 
maintenance board and the new work piece which hold efficiently efficient [ of work pieces (wafer etc.) ] 
the poUsh equipment which enabled high-degree-of-accuracy mirror plane processing, the polish approach, 
and a work piece can be pasted up on the work-piece maintenance board concerned at high degree of 
accuracy. 
r00281 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, the 1st mode of 
the poUsh equipment of this invention is poUsh equipment which grinds the work piece which has a turn 
table and the work-piece maintenance board, and was held at the work-piece mamtenance board, pounng an 
abrasive material solution, and is characterized by to control the deformation in the direction of a normal on 
the front face of a surface plate of the turn table at the time of polish actuation, and/or the deformation m the 
direction of a normal of the work-piece maintenance side of the work-piece maintenance board to 100 
micrometers or less. It is still more suitable if such deformation is controlled to 30 micrometers or less. 
[0029] The 2nd mode of the poUsh equipment of this invention is poUsh equipment which grmds the work 
piece which has a turn table and the work-piece maintenance board, and was held at the work-piece 
maintenance board, pouring an abrasive material solution. While this turn table is formed as one of castmg, 
and the structure of this turn table has two or more crevices and/or nbs at a tooth back and forming the 
passage of the fluid for temperature controls in the interior of a surface plate, it is charactenzed by making it 
the part which does not form this passage act as internal rib structure. 

[0030] namely, with the structure of having a crevice and/or a rib at the passage and the surface plate tooth 
back of one which is one big description of the poUsh equipment of this invention, and the fluid for 
temperature controls, and having internal rib structure also inside a surface plate (1) Compared witti the 
surface plate of the two-layer structure shown in the structure which binds tight the top board 12 illustrated 
to drawing 16 and drawing 17 which have been used conventionally, and a lower lapping plate 13 with the 
conclusion implement 1 1, or JP, 10-2966 19, A, reinforcement can suppress low heat deformation and 
deformation by the cooling water pressure highly. u i 

(2) Therefore, Ughtweight-ization can be thinly attained for the thickness of the surface plate of the whole 
part. 

(3) There are no secular change of slack etc. of a conclusion implement. 

(4) Since the conclusion part is unnecessary, the passage of the fluid for cooling (for temperatoe consols) 
can be arranged widely, since the pressure loss by passage can be reduced greatly [ heat transfer area ], it is 
possible to pour the fluid of a large quantity, and the cooling effect improves substantially. 

(5) Since the thinning of a surface plate is possible, it becomes possible to shorten distance from a surface 
plate front face to cooling water passage, and the cooling effect is raised to the part pan. 

There is an advantage of ** and it can confrol to 10 micrometers or less in 30 micrometers or less and the 
ideal condition by adopting the various configurations of this invention which also descnbes further 100 
micrometers or less also of variation rates to the datum level on the top face of a surface plate below in the 

point of arbitration. ^ . , ^ j * ui 

[0031] The value of the coefficient of thermal expansion of the ingredient of the above-mentioned turn table 



is less than [ 5xl0-6/degree C ], and it is desirable that the corrosion resistance is almost equivalent to 
stainless steel. 

[0032] if Invar (product made of New **** Steel), i.e., the stainless steel Invar material which is steel 
casting, for example, SLE-20A, is used as an ingredient of the above-mentioned turn table — a coefficient of 
thermal expansion (alpha=2.5xl0-6/degree C and alpha are coefficient of linear expansion) ~ SUS410 
(alpha=1.03xl0-5/degree C) — comparing — about — since it is set to one fourth, the deformation of 30 
micrometers or less is realizable. Furthermore, by manufacturing a tum table by the cast of steel casting in 
this way, integral construction becomes possible and precision processing finishing of a subsequent surface 
plate becomes easy. 

[0033] The 3rd mode of the polish equipment of this invention is polish equipment which grinds the work 
piece which has a tum table and the work-piece maintenance board, and was held at the work-piece 
maintenance board, and is characterized by controlling the temperature change of the tum table at the time 
of polish actuation, and/or the temperature change of the work-piece maintenance board to predetemiined 
within the limits by controlling the fluid flow for temperature controls, and/or temperature. 
[0034] It is suitable for the temperature fluctuation in the location of the arbitration of ttie tum table at the 
time of the above-mentioned polish actuation, and/or the work-piece maintenance board to consider as less 
than 3 degrees C, and it is still more suitable for it to consider as less than 2 degrees C. In order to attain this 
object, the tum table of the integral constmction which forms the fluid passage for temperature controls in 
the interior can enlarge the touch area of the fluid for temperature controls, and a surface plate like point **, 
and is very effective. 

[0035] Moreover, in case it grinds, it is suitable to control the temperature and/or the flow rate of the above- 
mentioned abrasive material solution, and to control preferably 10 degrees C or less of fluctuation of the 
temperature in the location of the arbitration of the polished surface of the abrasive cloth at the time of 
polish actuation at 5 degrees C or less. 

[0036] Namely, under the usual conditions for conventional polish equipment to attain a predetermined 
pohsh rate (0.5 - 1.0 micrometer/min), the temperature on the front face of abrasive cloth rises by generation 
of heat accompanying scouring. Although the value of the temperature change exceeds 10 degrees C in the 
part by which mbbing is carried out to especially a polished surface-ed [ wafer ] The temperature change 
(fluctuation) of the tum table under polish actuation which is the basic idea of this invention, the work-piece 
maintenance board, or these both is controlled within 3 degrees C. The deformation of the direction of a 
normal of those deformation especially the top face of a tum table, or the maintenance side of the work- 
piece maintenance board 100 micrometers or less, It is important to make preferably into 5 degrees C or less 
30 micrometers of 10 degrees C or less of temperature changes of the abrasive cloth front face which is an 
exoergic part in the case of polish processing, and a wafer, for being referred to as 10 micrometers or less 
still more preferably. 

[0037] Although mbbing is carried out by relative movement, pushing both by the predetermined force 
choosing the abrasive cloth which fitted most the object of polish on the tum table top face, and conditions 
in activation of actual polish as point **, sticking this, and supplying an abrasive material solution between 
this abrasive cloth and a polished surface-ed [ wafer ], the thermal conductivity of abrasive cloth shows a 
value low figures triple [ 1-] [ generally / the value of the thermal conductivity of the ingredient of the 
silicon, tum table, or work piece maintenance board ]. Usual, The thickness of abrasive cloth is l-2mm, and 
is compared with the heat transfer distance (10-30mm) to a tum table top face, the work-piece maintenance 
side of the distance (10-50mm) to the fluid passage for temperature controls, or the work-piece maintenance 
board, and the fluid passage for temperature controls. Since the thermal resistance from the abrasive cloth 
front face which lets abrasive cloth pass to a tum table top face serves as max If 10 degrees C of temperature 
changes at the time of polish actuation of abrasive cloth skin temperature are preferably controlled in lowest 
possible value of 5 degrees C or less, it is possible to control preferably 3 degrees C of temperature changes 
at the time of polish actuation of a tum table top face or the work-piece maintenance side of the work-piece 
maintenance board at 2 degrees C or less. 

[0038] Under the present circumstances, it is important to use effectively cooling by the fluid for 
temperature controls of a tum table or the work-piece maintenance board, and it is also required to utilize 
the cooling effect of an abrasive material solution positively. 

[0039] Above, although the important requirements for realizing the basic idea of this invention about the 
tum table and the work-piece maintenance board which are the member which participates in scouring 



directly in polish equipment and its operation (polish), and an abrasive material solution were described, in 
order to realize these effectively, the device of polish equipment and the factor about control are also very 
important. That is, it is required to have cleared the level with a fixed precision of the mechanical fluctuation 
accompanjdng actuation (revolution) of a tum table or temperature control, and these concrete 
configurations are indicated below. 

[0040] It is desirable to control the revolution nonuniformity of the above-mentioned tum table to 1% or 
less. The revolution nonuniformity of a tum table means the rate to the set point of fluctuation of the 
rotational frequency of the tum table at the time of polish actuation. 

[0041] It is desirable to control field Bure at the time of a revolution of the poUshed surface of the above- 
mentioned tum table to 15 micrometers or less. Field Bure at the time of a revolution of the polished surface 
of a tum table means fluctuation of the abbreviation perpendicular direction in the location of the arbitration 
of the polished surface of the tum table at the time of polish actuation. 

[0042] It is desirable to control revolution Bure of the revolving shaft of the above-mentioned tum table to 
30 micrometers or less. Revolution Bure of the revolving shaft of a tum table means fluctuation of the 
abbreviation horizontal direction in the location of the arbitration of the revolving shaft of the tum table at 
the time of polish actuation. In addition, field Bure at the time of a revolution of the revolution 
nonuniformity of the above-mentioned tum table and the polished surface of a tum table and revolution 
Bure of the revolving shaft of a tum table are being able to attain each by raising the precision of the 
revolution system of a tum table. 

[0043] Moreover, it is suitable to consider as the configuration which the above-mentioned work-piece 
maintenance board forms a crevice in a tooth back, or has rib structure, or [ thus, / forming a crevice in that 
tooth back like / the work-piece maintenance board / a tum table ] — or while attaining lightweight-ization, 
maintaining reinforcement by considering as rib stmcture, this crevice is utilizable as passage of the fluid for 
temperature controls. 

[0044] As stated so far, in polish equipment, it is important for the work-piece maintenance board to make 
the important factor for it not only to holding a work piece physically, but attaining the object of this 
invention, and to control the deformation at the time of polish actuation especially. Therefore, it is suitable 
the value of a mechanical strength and thermal conductivity, workability, the adhesive property of a wafer, 
and to use an alumina or silicon carbide (SiC and brief sketch) also in consideration of profitability further 
also in a ceramic ingredient. 

[0045] Moreover, the structure which two or more pores for the approach of carrying out attraction 
maintenance of the wafer in the work-piece maintenance side of the work-piece maintenance board besides 
being based on adhesives being used for the maintenance approach to the work-piece maintenance board of 
a wafer, therefore carrying out attraction maintenance of the work piece into the surface of action of a wafer 
and the work-piece maintenance board are puncturing is useful. 

[0046] The 1st mode of the polish approach of this invention is the polish approach which grinds the work 
piece which has a tum table and the work-piece maintenance board, and was held at the work-piece 
maintenance board, and is characterized by controlling the deformation in the direction of a normal on the 
front face of a surface plate of the tum table at the time of polish actuation, and/or the deformation in the 
dh-ection of a normal of the work-piece maintenance side of the work-piece maintenance board to 100 
micrometers or less. It is still more suitable if such deformation is controlled to 30 micrometers or less. 
[0047] In case the 2nd mode of the polish approach of this invention grinds the polished surface-ed of said 
work piece with the abrasive cloth stuck on said tum table, it is characterized by to make fluctuation of the 
temperature in the location of the arbitration of the polished surface of this abrasive cloth at the time of 
polish actuation into 10 degrees C or less in the polish approach which grinds the work piece which has a 
tum table and the work-piece maintenance board, and was held at the work-piece maintenance board, 
pouring an abrasive material solution. It is suitable to make fluctuation into 5 degrees C or less preferably. 
[0048] The 3rd mode of the polish approach of this invention is characterized by setting the work piece 
which has a tum table and the work-piece maintenance board, and was held at the work-piece maintenance 
board to the polish approach ground pouring an abrasive material solution, and controlling fluctuation of the 
temperature of said work piece under polish at 10 degrees C or less. It is suitable to control fluctuation at 5 
degrees C or less preferably. 

[0049] It is the important embodiment of this invention to control the temperature and/or the flow rate of an 
abrasive material solution, and to control preferably 10 degrees C or less of fluctuation of the temperature in 



the location of the arbitration of the poUshed surface of the abrasive cloth at the time of the above- 
mentioned polish actuation and/or the temperature of a wafer at 5 degrees C or less. 
[0050] The 4th mode of the polish approach of this invention is the polish approach using the polish 
equipment which grinds the work piece which has a turn table and the work-piece maintenance board, and 
was held at the work-piece maintenance board, and is characterized by arranging and holding two or more 
wafers to the work-piece maintenance board, so that it may be satisfied with a less than 2mm error of the 
relation of a degree type (1). 
[0051] 
[Equation 2] 

R= {(r + x) + sin (tt/N) (r4-2y)} / sin (tt/N) - - (1) 

the inside of a top type (1), and R:work piece — between a diameter (nam) of maintenance **** (mm) 
riwaferx: wafer — a distance (mm) y: wafer and the work-piece maintenance board ~ periphery edge distance 
(mm) Niwafer number of sheets / work-piece maintenance board, and pixircular constant. Here, the distance 
X between wafers is the maximum access distance of the adjoining wafer periphery section. 
[0052] When holding two or more wafers to the one work-piece maintenance board, the method of those 
arrangement on a maintenance side is very important. Namely, the wafer held is set in the polished surface- 
ed of one wafer to be ground on the same possible conditions, even if it sees microscopically, i.e., each list 
between wafers. It is important to aim at implementation of the most uniform possible polish conditions and 
a polish rate. For that purpose The temperature of a polished surface-ed, the thrust to abrasive cloth, the 
supply approach of an abrasive material solution, the relative-movement distance between abrasive cloth, 
etc. are important factors, these are examined synthetically and experimentally and the relation of a top type 
is obtained. 

[0053] It needs to be referred to as 5N<=7, 5x <=20, and l<=y<=22 when applying the above-mentioned 
formula (1) to a wafer 200mm or more (i.e., when r is 200mm or more). 

[0054] The diameter (r) of a wafer increases and the diameter (R) of the work-piece maintenance board 
becomes large as a matter of course to a wafer 300mm or more. Are necessary to enlarge thickness (d) of the 
work-piece maintenance board in connection with it, according to a diameter (R), in order to control a 
mechanical deformation, the heat deformation by the temperature change, etc. below to a predetermined 
value. Variously, in order to set preferably to 30 micrometers or less 100 micrometers or less of deformation 
of the direction of a normal of the maintenance side of the work-piece maintenance board at the time of the 
polish actuation which is the basic idea of this invention as a result of examination It is desirable to make 
thickness d of the work-piece maintenance board into aR<d<bR (a= 0.04 to 0.08, b=0.10-0.12). 
[0055] The 5th mode of the polish approach of this invention is characterized by grinding a silicon wafer 
using the polish equipment of above-mentioned this invention. 

[0056] In the polish approach of the 3rd mode of the above, it is desirable that a temperature change carries 
out in a less than **2-degree C environment. That is, as for fluctuation of the environmental temperature of 
the perimeter where polish equipment works, to implementation of such high-degree-of-accuracy polish 
processing, it is desirable that it is less than **2 degrees C of predetermined temperature. 
[0057] The uniformity of spacing of a maintenance side and the adherend of a wafer is important for the 
method of the maintenance to the work-piece maintenance board of a work piece (wafer), and a list with the 
precision of the condition of the maintenance, i.e., the display flatness of a work-piece maintenance side. 
When carrying out adhesion maintenance of the wafer to the work-piece maintenance board especially using 
adhesives, the thickness and homogeneity of bending of the residual air bubbles in the adhesives layer 
between a wafer and the work-piece maintenance board and the wafer at the time of adhesion and an 
adhesives layer are a problem. 

[0058] Then, it is characterized by pasting up a wafer on the work-piece maintenance board with adhesives, 
the adhesion approach of the work piece of this invention exhausting Ayr through pore using the work-piece 
maintenance board which two or more pores for carrying out attraction maintenance of the work piece are 
puncturing from a work-piece maintenance board tooth-back side in an adhesion field. Such a configuration 
enables it to be thin in the thickness of the adhesives layer between a wafer and the work-piece maintenance 
board, and to raise the homogeneity of the thickness, removing the fault of the conventional approach 
mentioned above. 

[0059] Under the present circumstances, it is desirable to carry out adhesion temperature in ordinary 
temperature (20 degrees C - 30 degrees C), in order to perform adhesion easily. Paste up effectively and the 



homogeneity (to wafer processing of high degree of accuracy, it is desirable for the deflection of thickness 
to be less than 0.015 micrometers) of the thickness of the adhesives layer after adhesion is raised. In order to 
lessen residual Ayr in an adhesives layer as much as possible, it is desirable that the viscosity of the 
adhesives in the phase before adhesion adjusts between 1 mPa-s - 10 mPa-s from the time of spreading. 
[0060] It is required to make low thermal resistance by the adhesives layer which intervenes between a 
wafer and the work-piece maintenance board in order for the fluid for temperatxire controls of the work- 
piece maintenance board to remove polish generation of heat effectively through a wafer as much as 
possible. Moreover, also in order to control fluctuation of the adhesives bed depth by the elastic deformation 
of adhesives, as for the thickness of an adhesives layer, it is desirable that 0.5 micrometers or less of the 
average are 0.3 micrometers or less preferably, and it is desirable to set deflection of the thickness to 0.015 
micrometers or less. 

[0061] The work-piece maintenance board of this invention is characterized by penetrating and preparing 
two or more adsorption holes for carrying out vacuum adsorption of the work piece from a work-piece 
adhesion side to a work-piece maintenance board tooth back in the adhesion field of the work-piece 
adhesion side of the work-piece maintenance board. 

[0062] By using the work-piece maintenance board of above-mentioned this invention, it becomes possible 
to enforce effectively the adhesion approach of the work piece of above-mentioned this invention. 
[0063] It is desirable to prepare a crevice or rib structure in the tooth back of the above-mentioned work- 
piece maintenance board. 

[0064] Wafer polish processing finishing of high degree of accuracy is attained by carrying out adhesion 
maintenance and grinding a silicon wafer to the work-piece maintenance board, by the adhesion approach of 
the work piece of above-mentioned this invention. Under the present circumstances, it is very effective in 
controlling preferably the deformation in the direction of a normal on the front face of a surface plate of the 
turn table at the time of the polish actuation which is the basic idea of this invention, and/or 100 
micrometers or less of deformation in the direction of a normal of the work-piece maintenance side of the 
work-piece maintenance board to 30 micrometers or less, if the polish equipment of above-mentioned this 
invention is used, and realizing high-degree-of-accuracy polish processing. 
[0065] 

[Embodiment of the Invention] Although the gestalt of operation of this invention is explained based on 
drawing 1 in an accompanying drawing - drawing 9 below, unless it deviates from the technical thought of 
this invention, it cannot be overemphasized that various deformation is possible besides the example of a 
graphic display. 

[0066] drawing 1 shows one example of the polish equipment of this invention — it is an abbreviation cross- 
section-explanatory view a part. Drawing 2 is a cross-section-explanatory view of one example of a turn 
table used for the polish equipment of this invention. Drawing 3 is a cross-section-explanatory view of one 
example of the work-piece maintenance board used for the polish equipment of this invention. Drawing 4 is 
the explanatory view showing one example of the adhesion approach of the work piece of this invention, 
[0067] In drawing 1 , 28 is polish equipment concerning this invention, and has the tum table 29. As this 
turn table 29 is shown in drawing 2 , it is manufactured by casting as one and many crevices 34 are 
established in the surface plate tooth back of this tum table 29. The seal of this crevice 34 is carried out by 
the seal member 30 in a tooth-back side, and it constitutes the passage of the fluid HI for temperature 
controls, for example, cooling water, by it. The passage of this cooling water HI is connected with the 
surface plate cooling water heat exchanger K2 mentioned later, in this heat exchanger K2, heat exchange of 
cooling water HI is made possible, and it performs endoergic [ of the heat generated in a tum table 29 at the 
time of poUsh ]. Abrasive cloth 3 1 is stuck on the polished surface of this tum table 29. 
[0068] The revolving shaft with which 32 was prepared in the tooth-back center section of this tum table 29, 
and 35 are the center rollers formed in the surface center section of this tum table 29. A long hole 33 is 
drilled in the core longitudinal direction of this revolving shaft 32, this long hole 33 constitutes a part of 
passage of the fluid H2 for temperature controls, for example, cooling water, and the passage of this cooling 
water H2 is connected with the surface plate revolving-shaft cooling water heat exchanger K4 mentioned 
later, and it performs endoergic [ of the generating heat by the mechanical friction accompanying a 
revolution of the surface plate revolving shaft 32 at the time of polish equipment operation ]. 7 is a frame 
and supports the tooth back of said tum table 29 through a buttress plate 43 and the bearing member 44. 
[0069] 14 is piping for abrasive material supply, the abrasive material 41 adjusted by a predetermined flow 



rate and temperature by the abrasive material feeder (not shown) is supphed to the abrasive material 
installation hole 42 by which opening was carried out to the center roller 35 (a guide idler is un-illustrating), 
and an abrasive material 41 is supplied on abrasive cloth 31 through this. 

[0070] 36 is a top block and the work-piece maintenance board 38 is attached in the underside through the 
elastic bodies 37, such as rubber. The work piece W, for example, a wafer, has pasted the adhesion side of 
this work-piece maintenance board 38 with adhesives 39. 40 is the revolution shaft set up by this top block 

36. 

[0071] 47 is the long hole prepared in the core of said revolution shaft 40, and this long hole 47 constitutes a 
part of passage of the fluid H4 for temperature control, for example, cooling water, performs endoergic [ of 
the heat generated at this revolution shaft 40 ], and is prepared for every work-piece maintenance board. It 
connects with work-piece maintenance board revolving-shaft cooling water heat exchanger K5 mentioned 
later, and the passage of this cooling water H4 performs endoergic [ of the heat generated at the revolution 
shaft 40 at the time of a work-piece maintenance board revolution ]. 

[0072] As shown in drawing 3 , many crevices 50 are drilled in the tooth back of said work-piece 
maintenance board 38. 45 is an adsorption hole for vacuum adsorption, and is penetrated and prepared fi-om 
the pars basilaris ossis occipitalis of this crevice 50 located inside the wafer adhesion field 46 to the tooth 
back of this work-piece maintenance board 38. In case this adsorption hole 45 pastes up Wafer W on the 
wafer adhesion field 46 of the work-piece maintenance board 38 with adhesives 39, it is used in order to 
paste up by carrying out vacuum attraction, so that it may mention later, but in case Wafer W is ground, this 
crevice 50 constitutes a part of passage of the fluid H3 for temperature controls, for example, cooUng water. 
The passage of this cooling water H3 is coimected with the work-piece maintenance board cooling water 
heat exchanger K3 mentioned later, and in the heat exchanger K3, heat exchange of cooling water H3 is 
made possible, it performs endoergic [ of the heat generated in the work-piece maintenance board 38 ], and 
is prepared in work-piece maintenance board each. 

[0073] Next, how to paste up on the work-piece maintenance board 38 which described Wafer W above is 
explained based on drawing 4 . In dravying 4 , 48 is the adhesion base, and in case it pastes up Wafer W on 
the wafer adhesion field 46 of the work-piece maintenance board 38 with adhesives 39, it is used. The flat 
bottom-like crevice 51 is drilled in the part corresponding to this wafer adhesion field 46 of the top face of 
this adhesion base 48. It penetrates fi-om the pars basilaris ossis occipitalis of this crevice 51 to the imderside 
of this adhesion base 48, and trepans the breakthrough 49. 

[0074] It can connect with the exhaust air system by a vacuum pump etc., and this breakthrough 49 can 
attract Wafer W to the wafer adhesion field 46 of this work-piece maintenance board 38 by making this 
breakthrough 49, a crevice 51, the crevice 50 of the work-piece maintenance board 38, and the adsorption 
hole 45 into a reduced pressure condition. Although adhesives 39 intervene between this wafer W and this 
wafer adhesion field 46 at this time, since Wafer W is pressed by homogeneity with atmospheric pressure by 
carrying out vacuum attraction of the adhesion side of Wafer W, the homogeneity of the thickness of 
adhesives 39 is very good, and it can paste up in the condition that there is almost neither Ayr nor Ayr which 
remains in an adhesives layer since it will be drawn in caudad. 

[0075] As adhesives used in case a work piece W is pasted up on the work-piece maintenance board 38, 
adhesion capacity can be demonstrated among 20 degrees C - 30 degrees C, and the adhesives whose 
viscosity at the time of adhesion is 1 mPa-s - 10 mPa-s are used suitably. Moreover, it is the range whose 
average of the thickness of the adhesives for work-piece jointing is 0.1 micrometers - 0.5 micrometers, and 
it is suitable to carry out homogeneity adhesion so that the deflection of the thickness may be set to less than 
0.015 micrometers. Polyol system polyurethane adhesive is illustrated as desirable adhesives, and the thing 
which dissolved these adhesives in alcoholic solvents, such as a methanol and ethanol, or the thing made 
into the aquosity emulsion is suitable. Moreover, an isocyanate compound may be added as a curing agent, 
[0076] Thus, poUsh of Wafer W is performed by attaching in the maintenance side of a top block 36 the 
wafer W pasted up on the work-piece maintenance board 38 by uniformity with the thickness very high 
[ that there is not ahnost residual Ayr ] in an adhesives layer, and pressing it to the 31st page of the abrasive 
cloth of a tum table 29, as shown in drawing 1 . 

[0077] On the occasion of poUsh, endoergic [ of the generation of heat of a tum table 29 ] is carried out with 
cooling water HI, endoergic [ of the generation of heat of a revolving shaft 32 ] is carried out with cooling 
water H2, and endoergic [ of the generation of heat of the work-piece maintenance board 38 ] is carried out 
with cooling water H3, and endoergic [ of the generation of heat of the revolution shaft 40 ] is carried out 



ToOTSmuf « Lstimtes so that cooling wat« H1-H4 can be supplied to each polish member and 
S wS cltf tute a.e polish equipment 28 of this invention, >;«^^The «omtaUon 

of ^Section of a normal of the top face of the turn table 29 at the tune of polish actaaUon 100 
mi*omete* or tess To^crometers or less become possible [ controlling preferably 100 mtcrometers or 
" s of 30 mirmmS^ or less of deformation of the direction of a nonnal of the 

siS of the work-piece maintenance board 38 still more ideally to 10 micrometers or less at 10 micrometers 

L dSfr^Sr,^ toe following [ 5xl0-6/degree C 1, and the so-called stainless steel Invar matenal of a Fe- 

Po-nickel-Cr system can be raised as such an ingredient. 

mmTl^poli equipment 28 of this invention sets to control the temperature change of the ^ table 29 
kt &e time of polish achiation, and/or the temperature change of the work-piece "^^mten^ce boa^d 38 to 
orSete^ned withm the limi s to one of the characteristic configurations by controUmg tiie fluid flow for 
remp~cor^ and/or temperature. This characteristic config-tion T be ^^^^^ X^am 
above-mentioned flow rate and the temperature of each coohng water H1-H4. namely, the temperature 
ch^LTf r toi 29 at the time of poUsh actuation by controlling the above-mentioned flow rate and 
^"empera^r^^^^^^^ cooling water Hi'h4 and/or the temperahire change of the j^-^^— 
side of Sie work-piece maintenance board 38 - the predetermmed range - for example, less than 3 degrees 
C can be oreferably controlled within 2 degrees C still more preferably, respectively. 
mSSl XuJ a^d it illustrates in order that the turn table 29 shown in drawing and dm^may 
LZainXe concept of this invention, the desirable structure of the still more concrete turn table 29 is 

X? SniJ b::S toda^ . [ [ type ] a part of that ^^^^^^^^^J^^^^^^^ 

of the oassage of the internal fluid for temperature controls about other examples of a turn table sake it is 
fnthT- dLing^ - the up passage part of the turn table of d^i^ , " 
is, it is drawing of longitudinal section of an 0-A line and the direction of an O-B Ime, respectively. 
Drawing 7 is the rear view of the turn table of drawing^. . „ j **i,^f;^»«f 

rOoT2] Sur face 29a of the turn table 29 shown in drawing 5 - drawing is a flat surface, and at the time of 
ractivi^rshown in drawing 1 , abrasive cloth 31 is stuck. As shown m tong6 and tem&l , the 
rib 8 oT^X [ i^ch ]^7lial is formed in tooth-back 29b of this tiu. table 29. Thus, by fornung the a 
Targe number rib 8 in the tooth back, reinforcement is maintained and lightweight-ization is attained 

0083me passage 9a and 9b. such as the fluid for temperature controls, for example, coolmg water ete., is 
establ shed hi the interior of this turn table 29, among these by considenng as the structure of n^^^^ it 
moving in a zigzag direction, upside passage 9a is devised so that heat exchange may be performed 

STSs up passage 9a can be passed from the core of up passage 9a from the periphery of up passage 9a 
o a core via L core of lower passage 9b to a periphery reversely [ the ] from the ^^^^^'^ ^'}^^^^^^^^^^ 
passage 9b to a core via a periphery again, when it is open for free passage m the periphery of lower passage 
9b and a turn table and pours the fluid for temperature controls to this passage 9. 

r00851 nien the case of the comprehensive heating-value control which is one of the descriptions m the 
E eqvdpm^^^^ the poUsh Approach of this invention is explained based on drawing toing^ • 
S£S is the block diagram showing the comprehensive heating-value conlxol system m this invention. 
Drav^ring 9 is the flow chart of the comprehensive heating-value control m this "^ve^^tion. 
r00861hidrawing_8 and drawing 9 , Q is the comprehensive heatmg-value control CPU. The slurry heating 
value cc^S^TcPmOl) fh^^e plate heating-value control CPU (Q2), the work-piece maintenance 
^oirh^^Ung vaL c^^^^^ CPU (Q3) Tlie converter T2 and abrasive ^ skin temp^atu^^^^^^^ 
into an electrical signal temperature sensor S4 and the temperature signal from S5 ^^^^^^ ^/^^^^^/^^^ 
upper part and the lower part of the converter Tl and the work-piece ^^mten^ce bo^d w^ch ch^^^^ 
aS electrical signal the temperature signal from the temperature sensors S2 and S3 laid under tb^^PP^^^^ 
and the lower part of a surface plate It has comiected with the thermal miage equipment U ^^^^<^ 
the operation which emits various instructions to the slurry heatmg-value control CPU (Q )> the surface 
plate heating-value control CPU (Q2), and the work-piece mamtenance board h.^^^?!^;^^ ^'^^^^^^^^ 
(Q3) according to the signal from each device is performed. In addition, it is suitable for converters Tl and 
T2 to ^opt th! configuration which has the operation which changes the signal about temperature 



information, such as temperature sensors S2 and S3 and S4, a current from S5, infrared radiation, and a 
supersonic wave, into an electrical signal. 

[0087] It has connected with the slurry flow rate sensor II, the slurry outlet temperature sensor S6, the slurry 
inlet temperature sensor SI, the slurry flow regulator VI, and the slurry heat exchanger Kl, and this slurry 
heating- value control CPU (Ql) issues an instruction respectively required for the slurry flow regulator VI 
and the slurry heat exchanger Kl based on the information from the slurry flow rate sensor II, the slurry 
outlet temperature sensor S6, and the slurry inlet temperature sensor S 1 . 

[0088] This surface plate heating-value control CPU (Q2) is connected with the surface plate cooling water 
flow rate sensor 12, tfie surface plate outlet temperature sensor S8, the surface plate inlet temperature sensor 
S7, the surface plate cooling water flow regulator V2, and the surface plate cooling water heat exchanger 
K2. Based on the information from the surface plate cooling water flow rate sensor 12, the surface plate 
outlet temperature sensor 88, and the surface plate inlet temperature sensor S7, an instruction respectively 
required for the surface plate cooling water flow regulator V2 and the surface plate cooling water heat 
exchanger K2 is emitted. 

[0089] This work-piece maintenance board heating-value control CPU (Q3) is formed corresponding to 
work-piece maintenance board each. It has connected with the work-piece maintenance board cooling water 
flow rate sensor 13, the work-piece maintenance board outlet temperature sensor SIO, work-piece 
maintenance board inlet temperature sensor S9, the work-piece maintenance board cooling water heat 
exchanger K3, and the work-piece maintenance board cooling water flow regulator V3. Based on the 
information from the work-piece maintenance board cooling water flow rate sensor 13, the work-piece 
maintenance board outlet temperature sensor SIO, and work-piece maintenance board inlet temperature 
sensor S9, an instruction respectively required for the work-piece maintenance board cooling water heat 
exchanger K3 and the work-piece maintenance board cooling water flow regulator V3 is issued. 
[0090] Moreover, the surface plate revolving-shaft heating-value control CPU (Q4) and each work-piece 
maintenance board revolving-shaft heating-value control CPU (Q5) are simultaneously connected to the 
comprehensive heating- value control CPU (Q), and the generating heating value resulting from the 
mechanical work accompanying operation of polish equipments other than generation of heat resulting from 
scouring is removed, and it is constituted so that the temperature change of polish equipment may be 
controlled and it may control to predetermined temperature. 

[0091] Thus, although it is desirable to control sepeu-ately temperature fluctuation of each component of the 
polish equipment resulting from the heating value of everything to generate at the time of polish actuation 
for every element, it is also possible to control a surface plate revolving-shaft heating-value control system 
as a surface plate heating- value control system and one depending on a situation or to control a work-piece 
maintenance board revolving-shaft heating-value control system and a work-piece maintenance board 
heating- value control system as one for each work-piece maintenance board of every. 
[0092] It is also possible to perform the fluid for temperature controls of a surface plate revolving-shaft 
heating-value control system or a work-piece maintenance board revolving-shaft heating-value control 
system furthermore witii an extemal-intercooling method with not a Uquid like water like a graphic display 
but a gas. 

[0093] Under the present circumstances, an important thing is lessening the temperature of a surface plate or 
the work-piece maintenance board being influenced as much as possible by generation of heat resulting 
from the mechanical movement of equipments other than generation of heat resulting from direct scouring. 
Unless implementation of the basic idea of this invention can be checked, about the temperature control of 
each component, various deformation is possible for carrying out heating-value control (temperature 
control) of each system independently, without following and connecting the surface plate revolving-shaft 
heating-value control CPU and the work-piece maintenance board revolving-shaft heating- value control 
CPU to the comprehensive heating-value control CPU, as it is also at each CPU etc. 
[0094] 

[Example] Although an example explains the content of this invention to a detail further, the content of this 
invention is not limited to this and appUed also to the mode except having illustrated, as long as the basic 
idea was fulfilled as a matter of course. 

[0095] (Example 1) The batch type polish equipment which has the work-piece maintenance winding 
turning point style of a tum table and four shafts consisted of the same fundamental configurations as the 
polish equipment shown in drawing 1 as follows. 



1 Turn table : Invar material (using New **** Steel SLE-20A (Fe-Co-mckel-Cr system) it considered as 
integral construction by casting processing, and cooUng water passage shown m tomg^ and dramng^ 
was constituted.) As a part of surface plate top-face part be furthermore excise to dmwmg^ and a part of 
passage 9 of the fluid for temperature controls be showed . while form this passage 9 so that it may move m 
a zigzag direction . and the fluid in passage 9 tend to serve as a turbulent flow , and enlarge mean vdocity 
and raise a heat transfer coefficient as much as possible , the part which do not constitute passage 9 be 
design so that it may be make to act as internal rib structure 8a and surface plate reinforcement may be 

?TwOTk-piece maintenance board: - using alumina ceramics (KYOCERA CORP. make), as shown in 
drawings cooling water passage was formed in the tooth back only equivalent to wafer jointmg and a total 
(^^5^03^*0 Immphi) of 85 pores for exhaust air (17 per wafer) penetrated at a work-piece maintenance 
board tooth back from a work-piece maintenance side was prepared m the field of a parenthesis. 
3 Abrasive cloth : Rodel, Inc. Suba600 was stuck on the turn table top face. „ , . 
[0096] I Engine-Perfon^ance [ of Other PoUsh Equipments ]: - a Surface Plate Revolution Nonuniformity. 
-- **0 5%B Surface Plate Top-Face Revolution Bure: - ISMicroMc Surface Plate Revolving-Shaft Bure: - 
like Comprehensive Heating-Value Control System Shown in BlockDiagimS and Dmig^ of 30- 
MicromeferS. Temperature Regulatory System It constituted so that a fluid flow rate and its temperature 
might be adjusted about each system of the fluid passage system for work-piece mamtenance board 
revolving-shaft temperature control for every the fluid passage system for temperature confrol of a turn 
table the fluid passage system for temperature control of the work-piece maintenance board, abrasive 
material solution circulatory system, fluid passage system for tum table revolvmg-shaft temperature control, 
and work-piece maintenance board. , , e „i„^i 

6 It pasted up at the room temperature (25 degrees C) using the adhesives (methanol solution of polyol 
system polymethane adhesive) which adjusted each five silicon wafers (750 imcrometers m thickness) of 
200mm of outlines phi of polish actuation to viscosity 5 mPa-s in 25 degrees C so fliat a degree type might 
be filled to the four work-piece maintenance boards with a diameter of 565mm, and the core ot a water 
might be distributed from the core on a periphery with a radius of 175mm at division mto equal parts 
Spreading of adhesives performed adhesion of the wafer to the work-piece mamtenance board usmg the 
equipment shown in drawing 4 using spin coating equipment. 
[0097] 

[Equation3]^^ +sin ( ^/N ) ( r + 2 y )} / s i n ( tt/N ) • -(1) 

(the inside of a top type (1), and R:work piece - between a diameter (mm) of maintenance **** (mm) 
r waferx wafer - a distance (mm) y:wafer and the work-piece maintenance board ~ periphery edge distance 
(mm) N-wafer number of sheets / work-piece maintenance board, and pixircular constant) 
r00981 At this time, it pasted up exhausting using the evacuation equipment.and the fixture for work-piece 
maintenance board tooth-back attraction which were separately prepared for every cohesive site of each 
wafer from a work-piece maintenance board tooth back, and exhaust air was continued to 200 or less 
mmTorrs until adhesion was completed (for 0.5 minutes). Thus, the deflection of the thickness between 
0 20-0 22 micrometers per wafer and within each wafer of the thickness of the adhesives layer which can be 
set at least to jointing was less than 0.012 micrometers by the average by pasting up, exhausting^! he 
thickness of an adhesives layer was measured using the automatic thickness mappmg system F50 which is a 
thin fihn measuring device made from Fihnetrics. Although thickness measurement of an adhesives layer 
was performed after adhesives spreading by the spin coat Since the viscosity of adhesives mcreases by 
solvent vaporization after spreading, even if it performs exhaust air from a work-piece mamtenance board 
tooth back using the equipment shown in drawing 4 What adhesives are not attracted to the pore for exhaust 
air is checked, and it can be said that the thickness of the adhesives layer after adhesion does not change 
substantially with the thickness of the adhesives layer after adhesives spreadmg. 

[0099] Thus, a total of 20 wafers pasted up on the work-piece maintenance board was ground on condition 

that the following. , , ^^t/ • j- 

[0100] (1) polish rotating speed: - 30rpm**0.5% cooling water: - below 50 1/mm - adjustable inlet 

temperature: - the room temperature of -1 degree C (less than **0.5 degrees C) 

Outlet temperature: The rooin temperature of +1 degree C or less [0101] (2) Work-piece mamtenance board 
(jfree rotation) 



addition load: -- 250g cooling water per wafer side cm 2: (per set) -- below 20 Vmm - adjustable inlet 
temperature: -- the room temperature of -1 degree C (less than **0.5 degrees C) . , , • o 

Outlet temperature: The room temperature of +1 degree C or less [0102] (3) abrasive material solution Si02 
content: - 20g [ 1. ] /, pH 10.5 to 10.8, specific gravity 1.02 - 1.03 amount-of-supply:30 1/mm - amount of 
(4) polish time amount: 10min(5) polishes: 10-micrometer (6) room temperature: -- 25**1 degree C [0103 J It 
carried out with the comprehensive heating-value control system which showed the temperature control ot 
each cooling water system to drawing 8 and drawing 9 in the meantime. The temperature of the front face 
which abrasive cloth exposed especially was measured using the thermal image sensor over the range 
equivalent to the diameter of the work-piece maintenance board on the radius of a turn table, and the supply 
temperature (slurry inlet temperature) of an abrasive material solution was controlled so that the average 
became less than 3 degrees C of ambient temperature (room temperature). The progress was shown m 

drawing 10 . , • , • 

[0104] Thus the temperature on the front face of abrasive cloth at the time of pohsh actuation was 
controlled within 3 degrees C of a room temperature (25 degrees C). If the temperature distnbution ranging 
from the work-piece maintenance board tooth back to a turn table underside in this case are analyzed, it 
becomes like drawing 11 and that temperature change is controlled for the temperature of the work-piece 
maintenance board, and the temperature of a turn table withm 3 degrees C to the temperature of 25 degrees 
C before poUsh actuation (environmental temperature = room temperature). Moreover, as shown m drawing 
23 (b) as for the surface plate top face at this time, it turns out before polish that the amount of displacement 
of the direction of a normal of pair PeriUa frutescens (L.) Britton var. crispa (Thunb.) Decne. is controlled 
by 10 micrometers or less in any location. i j • ■ 

[0105] After stripping the wafer ground the above condition from the poHsh termination back and stnppmg 
each wafer from the work-piece maintenance board, finish-machining precision was measured after washing 
with pure-water -> alkali ->NH4 OH/H202 -> pure water. The result was shown in a table 1 as contrasted 
with the resuh of the example 1 of a comparison. 
[0106] 
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[0107] The code in a table 1 is as follows. 

GBIR:Global Back-side Ideal Range (difference of the maximum of the thickness in the whole region and 
the minimum value which made the rear face of a wafer (= TTV) datum level) 
SBIR:Site Back-sid e Ideal Range (=LTV) [Difference of the maximum in a fixed field (site) and the 
minimum value which made the rear face of a wafer datum level] 

SFQR:Site Front least sQuares <site> Range (difference of elevation on the front face of a wafer for every 
site) 

[0108] The Measuring condition in a table 1 is as follows. 
Measurement machine: ADE9600E+ (ADE corporation company make) 
wafer: - 8 inch wafer number-of-sheets: ~ 20 sheets (one batch) 

Measurement field: As for a measuring-plane product. Exclusion SFQRmax and SBIRmax divides 2mm 
into 25mmx25mm from a periphery. 

[0109] (Example 1 of a comparison) As confrasted with an example 1, an example is mdicated to be polish 
by the conventional technique about the result as an example 1 of a comparison. 

[0110] The basic configuration of pohsh equipment is as follows. orio^im a *u 

1. Turn table : as shown in drawing 16 and drawing 17 , the top board 12 (plate made from SUb410) and the 
lower lapping plate 23 made of cast iron (FC-30) which processed the crevice 21 used as coolmg water 



passage on the top face were bound tight with superposition and the conclusion implement 1 1, and the turn 
table 10 was constituted. 

[01 1 1] 2. — work-piece maintenance board: — it constituted so that the work-piece maintenance board 13 
made from alumina ceramics might be caudad forced according to the load 15 of the upper part equipped 
with the revolution shaft 18 through rubber elasticity object 13a, as shown in drawing 18 . 
3. Abrasive cloth : Rodel, Inc. SuBa600 was stuck on the top face of a tum table 10. 

[01 12] 4. Engine-Performance a Surface Plate Revolution Nonuniformity [ of Other Polish Equipments ]: - 
**2%B Surface Plate Top-Face Revolution Bure: - 30MicroMc Surface Plate Revolving-Shaft Dure: - 140 
Micrometers [01 13] 5. The comprehensive heating-value control system constituted like drawing 14 and 
drawing 15 . Every time dravying 14 and drawdng 15 remove the point that the temperature tone rectification 
object supply system of the work-piece maintenance board, the fluidic system for tum table revolving-shaft 
temperature controls, and the fluidic system for work-piece maintenance board revolving-shaft temperature 
controls do not exist, since it is the same configuration as drawing 8 and drawing 9 , explanation for the 
second time is omitted. 

[01 14] 6. the core of a wafer agrees mostly on two thirds of the peripheries (175mm) of a radius from the 
core in the four work-piece maintenance boards with a diameter of 565mm like the outline example 1 of 
polish actuation in a total (750 micrometers in 200mmphi, thickness) of 20 wafers [ five ] each - like - etc. 
— adhesion maintenance was carried out at the part. 

[0115] adhesion - beforehand — a wafer adherend (rear face) — the product made from Chemical Society of 
Japan elaborate ~ after dissolving yellow-bees-wax system adhesives sky liquid HM-401 1 in isopropyl 
alcohol and applying with spin coating equipment, a wafer is warmed at 50 degrees C, it holds for about 0.5 
minutes, and vaporization clearance of the solvent is carried out. After warming a wafer at about 90 degrees 
C after that and carrying out melting (viscosity 1000 mPa-s in 90 degrees C) of the wax. It arranges to the 
position of the work-piece maintenance side of the work-piece maintenance board similarly warmed at 90 
degrees C. After pushing the fixture for adhesion which constituted the rubber elasticity object which shows 
the polished surface-ed of a wafer (front face) to drawing 21 in the convex configuration and extruding Ayr 
outside from the inside of the adhesives layer like jointing, the adhesion fixture was canceled and the wafer 
was cooled to the room temperature by self-radiationnal cooling. 

[0116] When it pastes up by this approach, in order to paste up the work-piece maintenance board and a 
wafer in the condition of having heated at 90 degrees C, about the wafer whose averages for every wafer are 
0.3-0.8 micrometers and one sheet, that deflection of the thickness of an adhesives layer was about 0.1 
micrometers by causes of the force at the time of a wafer, the work-piece maintenance board and 
deformation by the difference of the coefficient of thermal expansion of a wax, and forcing with a rabber 
elasticity object, such as an ununiformity of addition. 

[0117] 7. Polish Condition (1) Pohsh Rotating Speed: - 30Rpm**2% Cooling Water: ~ 15 L/min Inlet 
Temperature: - 12-Degree-C Outlet Temperature [ **1 Degree-C ]: - Result [01 18] (2) Work-piece 
maintenance board (free rotation) 

addition load: — per wafer side cm 2 — 250g(3) abrasive-material solution AJ-1325, pH 10.5-10.8, SiO2:20 
g/1, and specific gravity: — 1.02-L03 [the trade name of the colloidal silica abrasive material by Nissan 
Chemical Industries, Ltd.] 

amount-of-supply: ~ 10 l/min supply side outlet temperature: — 23 degrees C **1 degree C [0119] (4) 
poUsh time amount: — amount of 10min(5) polishes: ~ 10 micrometers [0120] The temperature control of a 
cooling water system was controlled by the comprehensive heating-value control system shown in drawing 
14 and drawing 15 , and the progress at the time of poUsh actuation was shown in drawing 12 . Moreover, 
although the temperature on the front face of abrasive cloth was measiu-ed by the thermal image sensor like 
the example, abrasive cloth skin temperature omits especially control in this case according to the 
development of situation. Although transition of the abrasive cloth skin temperature at this time was 
collectively shown in drawing 13 , that temperature change rose from about 20 degrees C before polish 
initiation to about 32 degrees C at the time of polish termination. The temperature distribution ranging from 
the work-piece maintenance board to a tum table in this case are analyzed as shown in drawing 13 , a 
temperature change 10 degrees C or more is produced to the temperature distribution before polish of a tum 
table and the work-piece maintenance board, and the heat deformation of the direction of a normal of the 
tum table by this amounts to 100 micrometers or more depending on a location, as shown in drawing 23 (c). 
[0121] The polish finishing precision of the obtained wafer brought a low result as compared with the 



example, as shown in a table 1 . 
[SofthelnventionlAsstatedaboveacc^^^^^^^^ 

invention, it becomes possible to ^^^^^^^^^^^^ or more, at high effectiveness, 

which has a work piece, for example, the di^^*^^ work piece of this invention, a work piece, for 
Moreover, according to the ^ff ^°^Xm^e^^^^^^^ ^^-^^S ..or^pi-oc 

^'L^in. imnlementation of a wafer can be attamed. 



maintenance board, ana me eiicuuv^ix-o- Ji: IIh 
processing implementation of a wafer can be attamed 

[Translation done.] 



* NOTICES * 



iTPO and NCIPI are not: r-esponslble fox- any 
damages caused by -the use of this tjranslatxon. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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■7- d?«}#S2 0 © -7 - i'^ffi 2 0 a 2 2 4 

[ 0 0 1 7 ] -5-©IS. ««ffJ2 2Bt^3^.i;x-^^X»•7 
-^m&Z 0 <!:«SSS1J2 2 i©^ffi«:xT-*i3SSb 50 
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Ajci,^J:^«:-r-SC<!:AWC*S. -e©fc«){CSI 2 1 K 
^L/cJ:5«:ftiE'^f K2 5©TffiK:T:/3«£:d]jtt{cMft 
f 2. J: ^> tc^lt e>n/cXT>'>' f 2 7 ^ftnE-> 'J > ^- 
2 6«:J:-^•C■?*--'^W©±S (SSf^nSSiSStW 

©®) {cffi^^r. ^cc-^Atsg[i&®©4>'C^sp*>6jgils 

^{4©xr-?r'> X -/N©ii-mgPK;fSjw-c}ipbUi-r 
J:^«:L,-cS«3nS. L/*>L'. c©J:^) 3: wN^jn 
BEfflfiPt* 2 4 tc J: SfflBE7^S;«c J: -5 -C. ■i7:.:->'NWt -7 

i)K mjm^mmz 2©s3»'?*->'^*'C^sP"c»<j^i 

[0018] se*. .?x-/^©««^cffi^,ie.nsS»S^J 
{c»?JF^i«©5'F^«g?SK:*fTSJS«4. ^fjS»tt. mm 

J: .5 :c -7NaS-h^«r:^ L-C©g«MflU:S 

*fc^. C©ffl©g^^S'J«cJ:iS^'ffflW. iibtia 
Ilgf«^*ff5ctt??b-c*j'3. ^eii'>:©ii{cb-c?T*5n 

^^^JEKf* Ofc©%JDnSa«c J: oTS^SiJ^tic^k^Si 

jipi/#i:f> ■e©msiafc?ftin-rsc:i«:^-:,-rs«S'i*5 

[0 0 1 9 ] c©J;^K:S«X?iK:*>Lir. 
ufr7_i7Sj#M:Sr. m{f5o~i oo-c«c»-rsc 
i*i'i:^-c. c©m^gBll^^:J:S'i»»->'^. v~i>^ 
J^Si©^«:j:or/niIffigifii±*<PflW3n-5. 

-e©ifc:8f)«:!|#»ii©j?as:{gix:^^ii'=^^-4!£:.s<!:-rsc 
[0020] ^s-rs^ffiffl^^ u ^ 5K#© 

6©S*^)©i5*©BI8* ©/c«53lffi±fi^fll*»^"6I6Et? 

[002 1 ] tfcs«gi5a©^«a'J®*«^^»^^s-r 

5 C i i.fc^f^'^Ji. --'^?^-€•©^SS#ffi^ - 

©teiS«ffi©-ss*' 6 flfeiS'^rsi w rgf 5 J: ^ «c t -c 

Its 2 0 «c6e^ bfc -i? a: ->'^W©±ffi J: 0 CiSJ^t^©?* 
(xr-'f--'^?') 2 7«:J;-5T'i':t-^N*'C»S|5<kf)/l 
-7 - 5- 2 0 (CJ¥l/ ffW 4 <fc 5 fC L r X r - 

W'>*--'^Wfi4C. ll2 2K:^-rAP< ■7-i7«}#S2 0 
JSKf SCi(cJ:-,-CxT-*«S3-^^«l'»*S^*<^ 



C5) 



[ 0 0 2 2 ] H 2 2 tCtel^r . 1 ti«^^S. 2 »'*^ 

(SR«ffli5«. 2 0tt'7-i'^MRO'W«'?^-/>t** 
[ 0 0 2 3 ] 0 2 1 tC^O /ctJ X WNCD?^^*®©-?? 

[0024] 

ate J: s e. r 7 - i'^^ 

[0025] ltJffle©if^{±±l^'^' * - 

[002 6 ] *-c*>, mm. (WAS) ©-^/^-'^iff 
^©fcjixcwif^^flfiai^- 5)r^<w^t^*«*^"^* 
fc*©ss-c*6W0^^>'^«'^^-'^^®^^*® 

ffiK-:.c>r-en^n^n^offi©ffi^:^i^-c©^}KS*J 

lOOym. Sf*(^<K3 0MmWT. S^KWSKW 
[0 02 7] ■^-i' ©iS^ 

^^^^^rf-i^mm^mmicmn c i©r # * 

[00281 ^ 
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[gi®*»9irStea>©#S] ±saH%^^^4fc«' 
i'kj^M i *W I' -7 - $ nfc 9 - 4 W 

■m /X« "7 - i'«}tS© - f «^®©ffi^:^i^"C© 

1 0 0 MmWTKWSIJO/cC i^ri^FaiTS. 

c n h<rmm^ 3 0 ^ miuTtcw^'J-rnti 3 h ^tm 
[0029] ifmomm^^omomms.. sfss 

iF^5£M©*«jS«WBn«:ffi»©I!!]a5Rc;/X« 'J 
[0030] •ttSit>%. *^W©ff©^S®— 

( 1 ) se*fflt»6nT*fcii 1 6*iio's 1 licmrr^b 
fc±^ 1 2 1 T^4s 1 3 1 1 -cmubm-f^^ 

3g-^>#PfW 10-2966 1 9-^^i$R{C7r!3n5— St» 
jg©3ES«cJt'<T:9i{S*Jiif < 

(2) bfc*i-?-c, -e©^^(*©s^©J?s*i^<®^ 
(.3) m^Moym^^<Dm^^it*^fi^'' 

*^JEIStcJ:SEm4ig«ai*2>©t?;»:S©iS<*%j«-r 
(5) ^©ff^'ft3!>ipIfiet?*-l.©T?^SS*Si*^^^*'' 

^©W**«*'). 5£S±ffi©SmS«:>Ft-r*S!afcft^> 
©*K:fel,>-C 1 0 0 ymWT. 3 ^.tCTSfCie-cS^lfe 
iJBOa^ ©fltfi£4»ffl^ ^ Ci{CJ:-^-C30M mWT, 

sfflWtttyirctt 1 omidiaTK:w*ii-r*c<t*i-ct 

[003 1] ±EWB^®Mf4©f^llei5SO^S5t©ffl«^ 
5X10 - VCWT-C* D , *'0-?-©iiAt4*sX ^> U 
xgitli(3;K^-C*6©*W* bl^ 
[0032] ±ffiSfe5cS©*t«i b-C«. 

E-20A (mmmm^mn) 'S:mi^?>tmB^^ 

(a = 2 .5X 1 O-VC. a»iSB^?M«&a) »SUS 
410 (a=1.03xiO-VC) ictb'^tect-e 1 / 
4i:^cS©-C. ^S3 0/imlilT*i*^"^tr^.. 
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[0033] *^08©SfF^^acD^3 COSI««. ST^S 

Si y - ^ SJ^Si ^« L '7 - n/cj 
[0034] ±uLitmmm{m^is»?>mmmmsiU 

[0 03 5] */c. wFS^tf^BK^. ±tEmm^mm<D 

[0 036] ^^f*3%. S£3fc(OWS^a^Cj:^r^^<D 
(0.5-^1 .0 um/min) ^^i^T 6fcit>(DM 

lOOMmWT. »*U<«30iim. 3e>«:W4L<« 

iff^^<Z)JS 5 » 1 - 2 mm-C* o t: Wg^iK±® i 
aiailffliiS«*icSSSt?<DgBSI ( 1 0-5 Omn) -?>'7-^ 

ffif^scD y - ^ ^ffi t m&mmmmimm * -eiDe^i 
SBitt (1 0-3 0 mm) (^itmoxmrn^^MLxom 

vmoummt^ 3 -ciff s o < 2 -cwTicjqjsijr^ c 
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[0 03 8 ] com.. ifS^. m^ktV-tPU^O 
[0 039] \^MM1S^W&JO^^<OMU (Sf^) iC4ot.> 

[0 040] ±iEW^^^<7)[iI?KA^^ 1 %WTtcWJ 

[004 1 ] ±Mm^^(ommm(DMW^<om':^\y^ 

[0 042] ±iBW^^^(0lpiettcD[pie:7' 3 0 /I 
30 [0 043] * /c. ±ia^-^{^}^S7&^^ffiCC:iMlgR?:^ 

[0 0 44] cn4-coc]a5-<t:#fcJ:^ccw^a{c43 
[0 045] */c. ^:ti-j^(Du-^m^M'^(om^yj 

-So 

50 [0046] :^^^nomm:f7Wi<om i pes 



(7) 
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[0 047] ^mM(omm:fjm(Dm2 

R= {(r + x) + sin (tt/N) (rH 

<±^ ( 1 ) R : V-iPUWM^ (mm) . r : '^^xi 
— dim) V X : O :r.—^^m^m. (mm) . y : '^^r. - 20 
.'^<h'7-^^^M5^m^Sg&^ (mm) . N : '^^'->'^ti(^ 

[0 0 5 2 ] 06r)*7-i>«f^M4C«iSr&<0';;x-/%^£: 

[0 0 5 3 ] ±iB^ ( 1 ) ^2 0 0mmi^±O'^x'-^^ 
[0 0 5 4 ] < r ) ^^i-^U. 3 0 0mm 

MoiES (R) 5?)^;^#<^f^o ^n^c^o-c. ^^5^fi«3^ 

/c2?>tc(i'7-iJ^l^S(DiP§ (d) (R) ^fSD 

<mM'n^<msm^ i o o Mmtyr. »^ o< ks o 

<d <bRCa = 0 .0 4'-0 .0 8. b = 0.10'-'0. 
1 2)i'r'5C!>*^Sf*C«'*. 

[005 5} :*^JCDWg*a<^^5 ±iBL. 50 
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t^Tic WM-r €> c i -c* ^ = 
[0049] _tiBW^Sj!if1^B#k:;fet:J'^?F^^cD^PfS®0 

[0 0 5 0 ] ■:^m^<Dmm'^y^.<^nA(Dmmit. 

-^^^m^m^<D^ ( 1 ) <0^i^^2mm 

[005 1 ] 
[SS2] 

- 2 y )} /s i n (tt/N) • • ( 1 ) 

[0 05 6] 3<D?J=[iCD5?F^:&atC*$l^r^3:. ?a 

J^Yt*5± 2-CJi^rt<03^iSk:^o%^Xll*fe'rSCO}£>W^ u 

[0 0 5 7 ] 7-^ (•:;?x->'^) (ou-^mt^^^^o^ 

[0058] ^Cr, *^BgtD'7-^<DS«*S«. ® 

mil^-ft L/ r X r - ^SfM LOO »i7 a: ^l&mmc r 

[0059] c(om. mm^^m^m^yr^tc^^cun 
( 2 0 -c-- 3 0 rnjrr ^ctihm^ 

S«^W5ai^lliSL/?&^o^«rf^CC:tet:f^g#SnJa 
CDM^CDi^— 14 (]^^gCD»^^-^^ftlXk:«jl$CD^lM 

f)^ht^m<om^(^i6t,'f^mmm(of6m.t(i i mpa • i 

omPa- so:>m(^m^'r^c^f)m^LiK 

[0 06 0 ] wm^mt^O:^-^^^i>i^^'y'-^<^^ 
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i 7 - ^'^^^ora{^:/^^£•r «>S«SfiJB k J; SisIS 
< -r * c i t^-SL'^-ch 9 > X^§Sil®5ittS 

IS©JlS«-€-C!)¥*^fii*<0 .5 ymWT. i?* L< WO . 

0 1 5*imlJ(Ti-r^Ci*5g$bl\ 
[0 06 1 ] *^©'7-i'«f#^». '7-i'»^S© 

[0062] ±i2bfc*^BJO7-i'«^ffi?:ffl0^SC 
[ 0 0 6 3 ) ±127 - i'^H^SOfrStCIHiaJXW y 

[0064] ±iabfc*^Hj©7"i'©S?«:^i*"t:-i' 'J 
3 > :t -^^ 7 - 1^ "^^ c 

<D^asaf/X« 7 - «J#i8© 7 - 

nm<oiim^-c(D^mM^ i o o Mmwr. if s b < 

[0065] 

( 0 0 6 6 ] 0 1 tt*f6l3©5»Flg^S«> 1 taj?:^f?T-Sn 

t,»?,nS9ffgSS© 1 W©t5fMWIftB>^St?&^. S3 {J 
*^B^©We^g^cffl''*^*^-& 1 PJ©Bfr 
ffi«iftB^0-C-*S. 04«*^BJ©7-d'©«^l:^S© 

[ 0 0 6 7 ] S 1 fctel^r. 2 8 (rt^B^fcC^-SW^S 
g-C. W^^2 9?:WU"Cl»5. Mfr^SS2 9«. 
ig2K:7n?*lSc:i<, -»iL/-ClKg{Cj:-,-CSf¥3 
teiT^^^2 9©^^MlC«^|![©mSl53 4*liS 
W6n-Ct,^-5, MiagP3 4»i'--'l/SI5tt3 0{C<t-7-CS 

[ 0 0 6 8 ] 3 2»feW0SS2 9©^iS«*gi5KaW 
^nfcHlglii. 3 5 »®RIF®3eM2 9 ©^ffif JfeSPJCg 
7-C*-5. KHi^S 2©*'C;>gP 
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g^7tFfSj«:»S?L3 3*s^S3n. gES?L3 3»jiaia 
^fiSf*. P!)x.»(^*n*H,©^SS©-SP^<ifi£t, s 
J^7KH , ©?jS?g{i?SjST 2)SS0lE#?%iP*l»5t}AS 

2 ©@e(c(f ct a^4^©®^«:iT^ . 

friaw^S^2 9©w®*^-7'^- 

h 4 3SC^-^T >i'^Sl51t4 4 ?::^U-C3^J$T5. 
[0 06 9] 14ttW©fi9«^ffli2^'C'. W^efef&K 
S (la^T^-lf^') «:J:o-c3f?E©?JSS, aaKilSgiS5*ait 
10 5F^4 1 *H2>5f-P--73 5 Kn-- 

jjr) «:§an3tifcSrg91^A?L4 2{C«*&L. C#i=Srii 

Lz-cw^s 1 ±v:mmm4 1 75«etj^sn^o 

[0070] 36»l-f ■?-©TS{«:{i^ 
A^©?ittft3 7?:/M^-C7-d'<S}#^3 8ASB!{0-:>W 
6n-CI,>*. ^7-e'^S^ffi3 8©S«PffiK:B7-i'. 

mtf-f ^ -^^W*sg«^J 3 9 fc J: -3-cs« ?nri^ 

S, 4 0 Wi* h ^» :7":?'o 3 6 (cSlISS n/tHHSS^ + 

[ 0 0 7 1 ] 4 7 BH5iE@lEt' + 7 [- 4 0 ©tti'i:>g|5«:S; 
20 W6tifcg7L-C. ttS7L4 7(iSglBfi5fflffil*. M^lt 
^tKH , ©SSSS©— SB?: 1/ . ^@IE'> f 7 h 4 0 

micm^i^^y ^ 4 o ccfe*r*s»©iR!S5*tf ^. 
[0 0 7 2 ] 03«c/T^?n-&c:<!:< . H?ia7-^fst^as 

3 8©Wffi(c»ini©Dna55 o*s^iS:3<a-ci,»-5, 45 
»K^tR3&ffl©®i^?l.r. -i; :c - ^>|gaF«iS 4 6 ©rtffld 
ma-r siScagRs o©ssBi&>e.iS7-^^f5^3 8© 

30 nmt-cKmLxisnihh.x{,>i>. g^®i«?L4 5w. a 

irr^Ci<. 7-4'<S}#S3 S©-? *-^>«^MJS4 
6K:'?xw>W*S«Si|3 9{CJ:-D-C^«T-5>I?S{C, K 

^tR? if 2. C <!: (CJ: o -CIS «?rtf ^ ^tAtCffll' ^ ^ *T.-5 

,^ 3, -/>w«:fFlgT •S^«:«g5[HSP 5 0 WiaSIS^ 
fflSEft. {^^tf?&»7kH,©i«Sg©-SP*+8J*t-5. ^ 

?^4ii*H , (D^mtim-r 57- ^'{ii^^in^^iaft 

©eRS^=&tf ^4>©"t?. 7-d7ffi}^Sffl'7tcg:W?>ti-5. 
40 [0 07 3] ycfC. 7i->'^W*±iaL/c7--i'^HiaS 

3 8 {c««-r^>:^«:ot,»T:S4 KS-Jc^raiWrs. 

@4«:tJl>-C. 4 8 WSS-^-^^T. 7-f[mS3 8 
(75H,i_-7>gE^^l|g4 6tc7i-7^W?^g«S^I3 9fCJ: 

-?t:if«-rsBRtcfflc»t.n-5, ig««-^-;^4 8©±ffl 
©cages iJji^fSisnrc^s. Kcasps i©^*>6^ 

[0074] ^»ii?l4 9 »X^^^•>7'lf^Ccfc■5gfM.^ 
so «:SiSO-ClS«ii7L4 9. IH855 1. 7-i'«}fM3 8 



(9) 
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r0 0 7 51 r,-i.W*9-i'«}tM3 8'Ci^*^^'^ 
m~0 .5 mnCKKt:. ^©/1*©«^*^0 .0 1 5 ^ 

ro 0 7 6 1 coi^ico-f^^sstc^Jli* 

m 9 ©5f sts 3 1 wicmm-r scttcjcot-^x-^^ 

(0 0 7 7 ] WeccBO-CB. W^^iS2 9©^fSt«Jft 

[0078] c©J:^«C*IE?3©«T^S^2 8**?^'^T 

=&«if§r#-5J:Mct»fi£br*S©-c. Sffgia.f^'it'c*' 
waSfgSi82 9©±®<D^*I^®^*'* ^ ° ° " 

OumWTfC. 9-^«f^©3 8®'7-^'«^®**^„ 

^,s,©gsff$a^ 1 0 0 umar. »^^<''';^^^'^ 
T. sF.K:a«wec«ioymWT(c*ti^nfflisii-rs 

^[0 079??^' m^©ttf4©ifei!^an^«>ffi» 

5Xl0-VCWT©*>®*ffl''»*®*^*^'^" 
^^Umt L^«F e - C o - N i -C r lP.©&rii;^ 

L 0 0 8 0 ] i^m<m^m.i 8«, sss^22 
©sifiRc;/x«iaa^$.|ffli^ ^ ^ i - ^^^^^ 

i^ig3 8©ias^^k=&3tS4fiH«'^*«;i!.^^*'!® 
ff«i)a©-^<t^sfc®-c*'*- c©i^«flteK«-ts 
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bfc^*p*H.~H,©sgaRc>-ss=&»^f^^;^ 

iP*H,~H,©iiSSRO=iaS?:P*'J-^^«^<!^«^'*^'^*^ 
-t5»^^3 8 ©^-^^^ffi^SS^^l^^^^®®- 

<«2-cwrt«:$ir#T*c<b*5-c#5. 

[008 11 01 Siy^2 KJi^U^tWe^SZ 9 tJ* J 
W©m:*Si?B^*fc*'^«^^tC-Clll^0/c^2J* 
10 S*5 3P,KS»Wi3:WeSS2 9©»SUi,^«^4S 
5~H7K:S-^l>t:iSii?8^S. ia5B5f^SS©ffi®^ 
{c-pi»-crtSI5©SSil3Sffliffif*©iJiElS©^ffi^®*^'5* 

©±a5iife8ggi5^Rt>'TSPiEssa5^. 

[ 0 0 8 2 ] H 5 -0 7 Krj^ l.?c¥f^«fi 2 9 ©«iB 2 

9 a B¥ffi-C* 0 . mmvc\m l b ^ Kifg 
flj3 l*5BAS3n6. a©F®^S2 9©«ffi2 9b{C 

S4k®';^8*i|SW6n-C<,»S. C©<l:!>K:3^!K'Jf^8 
[0 08 3] i^¥f^SS2 9©rtsn(c;jsKiSfSfflfiK 

0«^L«??^7M¥©ij£iS9a. 9b*5eite.n. C© 
■5 '^±SlI©SSiiS 9 a «tetf 3 ^ C i CC J: 

[0084] ^iSPiSSSg a»TgnijKiS9 b im^J 

30 gS9K:^1-i«^«:«, ±«K9a©*.6^A^^^^^ 
«:iaSL-CTa5flEffi9b©jga8U*»e*.CvgB-, jfc^ 
©SMK. Tg|5SSSg9b©4^'C^gl!*^^iS12Si!=&ig*^-C 
±Si5ifelfS9 a©a2a!*>?>*'t^SI5'N«5«"^Ct*S-CJ^. 
[0085] S&<.^^. *^BS©W^SRt«ifflS**«^ 

[0 08 6] 08Ri:^09«C*JI->r. QB^^#!lS*lJ« 
40 CPU-C, ;^v-J-^S*ll?iPCPU (QJ . 
$1J®CPU (Q.) . cz-d'^JtiS^SWCPU 

(Q, ) ^©isnRcTFSPKass n?cmi2 >-i^ 
s.s:t?s,A^e©?aam^«rm^«^«:^8i-^^.^s 
T .7-i'»jfs©±si5RcrFSPtcassnfcSSH2 

>Vs,si^s ,*>6©afi«^^^^fs^'^^^^^ 

x7y-(!ftaiM8PCPU (Q,) . >£M^a»cPU 
(Q ) RD'^-iJ'fftts^ssiriaicpu (Qj KJtu 
50 -c^Vsfpffl^'ff^. ^t**- m^m.-m-xM.. 
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[0 08 7] gX^y-MSSlJ^CPU (Qa) ;^ 

[008 8] m^BMmmc P U ( Q J 

[0 08 9] |g9-i>{^MS»S$»iaiCPU (Q3) 20 

s,e>. ^-^^^ffiAPSK*fe>i^Se. «7--i5'«^is 
1 3. '7-^5^«j#9fffiPias-fe>i^SaoSCfy-r5^«^ 

[ 0 0 9 0 ] X. nn^^-^^Msmc p u (q) 30 

- ^ ^J^SIil-eSrl^fiSJfP CPU ( Q s ) 3^^SM ^ nr 

[009 1 ] CCDilCCW^iftf^HSCC^^-r^^^O^fi 

[0 09 2] ih^'mmismmM^^^ 

[009 3] CO^MH^f^ii. fi^WSfEffl^J^H-r 
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p u w CPU ocgMi^r (c^n-en(Dc p 

U-c*>-oTi4iL^&.2^.^co^^Sil{Sl 
[0094] 

[0 09 5] (laS^Jl) Sl^S^l^^cWS^HiPia 

1. W^^S: ^yy^-U mnrnmSk «*) SLE- 
20A(Fe-Co-Ni-C^^) ^mi\ m^Mwji 

Q^tmy-^^^^ffCBJ&L. iSSg9Wr(Dffi^*^SLfiSl<t 

2. c^-^^SSSfS: T;l/^:^-te^ 5 ^X (.^x-fe^ 
mil mo .3 + 0.1 mm<(>) ^f&^S 5<H ("i^^t-^^ 

itSc^D 1 7ffl) mnc. 

3 . 5Ffg^ : U'f-Mtms u b a 6 0 0 *WS^± 

[0 096] 4 . ^OffitDS^FS^^COtlfefiB : 

a) ^HIIkA^ : ± 0 .5% 

b) 5^±ffiIgliS:/U : 1 5 /im 

c) ^lel^W^U' : 30 urn 

mmmm.»mmm. mmmmmmm?f.. mmnMm^^ 

w& i ^cDras^PigpT-s cfc 5 (^mfS. ofc. 
6. wmf^cDgj^ 

2 0 0ran*a>S^';3>'i?:«: {If 3 7 5 0 Mm) S 5 
fe*iSS5 6 5nr^CD4 0©7-^^^^SK:i>:S;5:p5^c*r 
«|CC. -e©*.Mi6^Sl 7 5mllC0RJg±^C»?*-^^<D 
*,M«s^{C^:?pr 2) J: 5 CC 2 5 -CWlfct^ Sttg 5 raPa 
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m<o>t^y-}i'mm) ^mi^^-cmm. (25-0 -cs^l *\.^xn^tc. 

tc. ^m<ommty^i^>:^-^'f>^Sf:m^\ V [0097] 

R= {(r + x) + sin (ff/N) (r + 2y)} / sin (tt/N) 
(±5: ( 1 ) R : ^7- 



( 1 ) 



(mm) . r : •Jjt 
(mn) . y : "t?! — 
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